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Preface

The Environmental Protection Agency is promulgating National
Fmission Standards for Hazardous Air Pollutants (NESHAPs) for
Radionuclides. An Environmental Impact Statement (EIS}) has been
prepared in support of the rulemaking. The EIS consists of the
following three volumes:

VOLUME I =~ Risgk Assessnent Methodology
This docunent contains chapters on hazard
identification, movement of radionuclides through
environmental pathways, radiation dosimetry,

estimating the risk of health effects resulting from
expose to low levels of ionizing radiation, and a
summary of the uncertainties in calculations of dose
and risks.

VOLUME II - Risk Assessments

This document contains a chapter on each radionuclide
source category studied. The chapters include an
introduction, category description, process
description, control  technology, health impact
agssessment, supplemental control technology, and cost.
It has an appendix which contains the inputs to all
the computer runs used to generate the risk
assessment.

VOILIME TII - Economic Assessment

This document has chapters on each radionuclide source
category  studied. Fach chapter includes an
introduction, industry profile, summary of emissions,
risk levels, the benefits and costs of emission
controls, and economic impact evaluations.

Copies of the EIS in whole or in part are available to all
interested persons; an anncuncement of the availability appears in
the Federal Register. For additional information, contact James
Hardin at {202) 47%-9610 or write to:

Director, Criteria and Standards Division
Office of Radiation Programs (ANR-460)
Environmental Protecticon Agency

401 M Streelt, SW

Washington, DC 20460
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1.  INTRODUCTION
1.1 HISTORY OF STANDARDS DEVELOPMENT

In 1977, Congress amended the Clean Air Act (the Act) to
address emissions of radicactive materials. Before 1977, these
emigssions were either regulated under the Atomic Energy Act or
unregulated. Section 122 of the Act reguired the Administrator
of the U.S. Environmental Protection Agency (EPA}, after
providing public notice and opportunity for public hearings (44
FR 21704, April 11, 1979}, to determine whether emissions of
radicactive pollutants cause or contribute to alir pollution that
may reasonably be expected to endanger pubklic health. On
December 27, 1979, EPA published a notice in the Federal Register
listing radionuclides as hazardous air pollutants under Section
112 of the Act (44 FR 76738, December 27, 1979}. To support this
determination, EPA published a report entitled "Radiological
Impact Caused by Emissions of Radionuclides inteo Air in the
United States, Preliminary Report" (EPA 520/7-79-006, Office of
Radiation Programs, U.S. EPA, Washington, D.C., August 137%),

On June 16, 1981, the Sierra Club filed suit in the U.S,
District Court for the Northern District of California pursuant
to the citizens' suit provision of the Act (Sierra Club v
Gorsuch, No. 81-2436 WTS). The suit alleged that EPA had a
nondiscretionary duty to propose standards for radionuclides
under Section 112 of the Act within 180 days after listing them.
On September 30, 1982, the Court ordered EPA to publish proposed
regulations establishing emissions standards for radionuclides,
with a notice of hearing within 180 days of the date of that
order.

On April 6, 1983, EPA published a notice in the Federal
Register proposing standards for radionuclide emission sources in
four categories: (1) DOE facilities, (2} Nuclear Regulatory
Commission facilities, {3) underground uranium mines, and {4)
elemental phosphorus plants. Several additional categories of
sources that emit radionuclides were identified, but it was
determined that there were good reasons for not proposing
standards for them. These source categories were (1} coal-fired
boilers; (2) the phosphate industry: {(3) other mineral extraction
industries; (4) uranium fuel cycle facilities, uranium tailings,
and high-level waste management; and (%) low energy accelerators
(48 FR 15077, April 6, 1983). To EPA's knowledge, these comprise
the source categories that release potentially regulative amounts
of radionuclides to the air.

To support these proposed standards and determinations, EPA
published a draft report entitled "Background Information
Document, Proposed Standards for Radionuclides" (EPA 520/1-83-
001, Office of Radiation Programs, U.S. EPA, Washington, D.C.,
March 1983).



Following publication of the proposed standards, EPA held an
informal public hearing in Washington, D.C., on April 28 and 29,
1583. The comment periocd was held open an additional 3¢ days to
receive written comments. Subsequently, EPA received a number of
requests to extend the time for submission of public comments and
to accommodate persons who were unable to attend the first public
hearing. In response to these reguests, EPA published a notice
in the Federal Register that extended the comment period by an
additional 45 days and held an additional informal public hearing
in Denver, Colorado, on June 14, 1983 (48 FR 23655, May 26,
1983).

On February 17, 1984, the Sierra Club again filed suit in
the U.S. District Court for the Northern District of California
pursuant to the citizens' suit provision of the Act (Sierra Club
v Ruckelshaus, No. 84-0656 WHO). The suit alleged that EPA had a
nondiscretionary duty to issue final emissions standards for
radionuclides or te find that they do not constitute a hazardous
air pollutant (i.e., "de-list" the pollutant). In August 1984,
the Court granted the Sierra Club motion and ordered EPA to take
final actions on radiocnuclides by Octocber 23, 1984,

On October 22, 1984, the Agency lssued its Background
Information Document in support of the Agency's final action on
radionuclides. The report contains an integrated risk assessment
that provides the scientific basis for these actions (EPA 520/1~
84-022-1).

On February 6, 1985, Naticnal Emissiorn Standards for
Hazardous Alr Pollutants (NESHAPS) were promulgated for
radionuclide emissions from DOE facilities, NRC-licensed and non-
DOE Federal facilities, and elemental phosphorus plants (50 FR
5190). Two additional radionuclide NESHAPS, covering radon-222
emissions from underground uranium mines and licensed uranium
mill tailings, were promulgated on April 17, 1985 (50 FR 15386)
and September 24, 1986 (51 FR 34056), respectivaly.

The EPA‘s basis for the radicnuclide NESHAPS was challenged
in lawsuits filed by the Sierra Club and the National Resources
Defense Council (NRDC). While these sulits were under
adjudication, the U.8. Court of aAppeals for the District of
Columbia issued a decision finding that the EPA's NESHAP for
vinyl chloride was defective in that costs had been improperly
considered in setting the standard. Following the Court's order
to review the potential effects of the vinyl chloride decision on
other standards, the EPA determined that cosits had been
considered in many rulemakings on radionuclide emissions. On
December 9, 1987, the Court accepted the EPA's proposgal to leave
the existing radionuclide NESHAPS in place while the Agency
reconsidered the standards. In the interim, the suits filed by
the Sierra Club and the NRDC have been placed in abevance.



1.2 PURPOSE OF THE FINAIL BACKGROUND INFORMATION DOCUMERNT

Veolume I contains background information on radiation
protection programs and a detailed description of the Agency's
procedures and methods for estimating radiation dose and risk due
to radionuclide emissions to the air. This material ls arranged
as shown in the following descriptions of the chapters:

o Chapter 2 - A summary of regulatory programs for
radiation protection and the current positions of the
various national and international advisory bodies and
state and Federal agencies in regard to radiation.

o Chapter 3 - A description of what makes radiation
hazardous, the evidence that proves the hazard, and the
evidence that relates the amount of radiation exposure
to the amount of risk.

o Chapter 4 - An explanation of how radionuclides, once
released intec the air, move through the environment and
eventually cause radiation exposure of people. This
chapter also contains a description of how EPA
estimates the amounts of radionuclides in the
environment, i.e., in the air, on surfaces, in the food
chain, and in exposed humans.

o' Chapter 5 ~ A description of how radicnuclides, once
inhaled and ingested, move through the body to eorgans
and expose these organs. This chapter also contains a
description of how EPA estimates the amounts of
radiation dose due to this radiation exposure of
organs. It also describes how the amount of radiation
dose is estimated when the source cof radiation is gamma
rays from a source outside of the body.

o Chapter & - A description of how the risk of fatal
cancers and genetic effects is estimated once the
amount of radiation dose is known.

o Chapter 7 ~ A summary of the uncertainties in the dose
and risk estimates of source categories emitting
significant amounts of radionuclides, which were made
by using the procedures and information in the previous
chapters. Associated uncertainties are discussed in
the appropriate chapter, but overall uncertainties are
digscussed in this chapter.

Volume I alsc contains three appendices. Appendix A
describes the environmental transfer factors used in the dose
assessment models. Appendix B describes the mechanics of the
life table analysis used to estimate risk. Appendix C presents
an overview of the guantitative uncertainty analysis technigues
currently under review for use as a method for expanding the
semiguantitative uncertainty analysis provided in Volume I.
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Volume II contains detailed rvisk estimates for each source
of emissions, which were performed according to the procedures
given in Volume I. Each chapter in Volume II addresses four
topics: {1) the source category, the processes that result in
releases of radionuclides to the environment, and existing
controls, (2} the bases for the risk assessment, including
reported emissions, source terms used, and other site parameters
relevant to the dose assessment, (3) the results of the dose and
risk calculation, along with an extrapolation to the entire
category, and (4} a description of supplementary emissions
controls and their cost and effectiveness in reducing dose and
risk.

Two appendices are also provided in Volume II. Appendix A
presents the detailed AIRDOS input sheets used to calculate
individual and population doses and risks associated with each
category. Appendix B presents the methodology used to evaluate
the costs and effectiveness of earthen covers to control radon
emissions from area scurces of radon.

1.3 UPDATE METHODOLOGY

The categories of emissions addressed in this document are
similar to those addressed in the 1984 Background Information
Document. DOE and NRC-licensed facilities, elemental phosphorus
plants, underground uranium mines, and licensed uranium mills are
addressed because they are covered by NESHAPS. Uranium fuel
cycle facilities, high-level waste disposal facilities, coal-
fired boilers, and inactive uranium mill tailings sites are
addressed because of challenges to previous determinations that
they were adequately covered by other laws. Surface uranium
mines, DOE radon, and phosphogypsum stacks are addressed because
of challenges to the EPA's lack of risk assessment for these
Facilities. In sum, this Background Information Document
addresses the following categeories of radiological emissions to
air:

DOE Facilities

NRC-Licensed and Non-DOE Federal Facilities
Uranium Fuel Cycle Facilities
High-Level Waste

Elemental Phosphorus Plants
Coal-fired Boilers

Inactive Uranium Mill Tailings
Licensed Uranium Mill Tailings
DOE Radon

Underground Uranium Mines
Surface Uranium Mines
Phosphogypsum Stacks

COO0OoCOoO000000O0

For each category, Veolume II presents updated information on
the number of facilitiles, radionuclide emissions to air, and
control technologies. Depending on the number of facllities in a
category, risks are provided for individual facilities, or a set
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of reference facilities is defined that conservatively represents
the category. Risks to the critical population group and the
population within 80 km are presented for each category.

EPA recognizes that when it performed a risk assessment to
determine the need for regulation of uranium mill tailings under
the Uranium Mill Tailings Radiation Contrcl Act {(UMTRCA), the
Agency considered the national health impact from the radon
released from the tailings. In this assessment, EPA is
considering only the health effects within 80 km of the source.
EPA is using 80 km as the limit in order to be consistent with
the other NESHAP rulemakings. This risk assessment in no way
disputes the validity of the approach or the results used in the
UMTRCA rulemaking.






2. CURRENT PROCGRAMS AND STRATEGCTIES
2.1  INTRODUCTION

Avareness of radiation and radicactivity dates back only to
the end of the last century--to the discovery of w-rays in 1895
and the discovery of radicactivity in 1896. These discoveries
mark the beginning of radiation gcience and the deliberate use of
radiation and radiomuclides in science, medicine, and industry.

The findings of radiation science raplidly led to the
development of medical and industrial radiology, nuclear physics,
and nucleay medicine. By the 1¢20°'sz, the use of xX-rayg in
diagnostic medicine and industrial applications was widespread,
and radium was being used by industry for luminescent dials and
by doctors in therapeutic procedures. By the 1930°'s, biomedical
and genetic researchers were studying the effects of radiation on
living organisms, and physicists were beginning to understand the
mechanisms of spontanecus fission and radicactive decay. By the
1940%'s, a self-sustaining fission reaction was demonstrated,
which led directly to the construction of the first nuclear
reactors and atomic weapons.

Developments since the end of World War II have bsen rapid.
Today the use of x-rays and radicactive materials is widespread
and includes:

€ Nuclear reactors {(and their supporting fuel-cyocle
facilities) generate electricity, power ships and
submarines, produce radicisotopes for research, space,
defense, and medical applications. They are also uged
as research tools for nuclear engineers and physicists.

o Particle acgelerators produce radliolsoteopes and are
used as research toecls for studying the structure of
materials and atoms.

Q The radiopharmaceutical industry provides the
radioisotopes needed for biomedical research and
miclear medicine.

o Nuclear medicine has developed as a recognized medical
specialty in which radioisotopes are used in the
diagnosis and treatment of numerous diseases.

o ¥~rays are widely used as & diagnostic tool in medicine
and in such diverse industrial fields as oil
exploration and nondestructive testing.

o Radionuclides are used in such common congumer products
ag luminous-dial wristwatches and smoke detectors.

o A Yo o ome £

ViLOEe & Diier

The following sections of this chapter pro
on philosophy and

pY
history of the evolution of radiation protecti
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an outline of the current regulatory programs and strategies of
the government agencies responsible for ensuring that radiatio
and radionuclides are used safely.

2.2 THE INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION
AND THE NATIONAL COUNCIL ON RADIATION PROTECTION ARD
MEASUREMENTS

Initially, the dangers and risks posed by x-raye and
radicactivity were little understood. By 18%s, however, “x-ray
burns?® were being reported in the medical literature, and by
191¢, it was understood that such "burns® could also be caused by
radicactive materials. By the 1920's, sufficient direct evidence
{from experiences of radium dial painters, medical radioclogists,
and miners) and indirect evidence (from biomedical and genetic
experiments with animals) had been accumulated to persuade the
scientific community that an official body should be established
to make recommendations concerning human protection against
exposure to x~rays and radium.

At the Second International Congress of Radiology meeting in
Stockholm, Sweden, in 1928, the first radiation protection
commission was created. Reflecting the use of radiation and
radicactive materials at the time, the boedy was named the
International X-ray and Radium Protection Commission and was
charged with developing recommendations concerning protection
from radiation. In 1950, to reflect better itg role in a
changing world, the Commission was reconstituted and renamed the
International Commission on Radiological Protection {(ICRP}.

During the Second International Congress of Radiology, the
newly created Commission suggested to the nations represented at
the Congress that they appoint national advisory committees to
represent their viewpeints before the ICRP, and to act in concert
with the Commission in developing and disseminating
recommendations on radiation protection. This suggestion led to
the formation, in 1929, of the Advisory Group. After a series of
recrganizations and name changes, this committes emerged in 1964
in its present form as the congressionally chartered National
Council on Radiation Protection and Measurements (NCRP). The
congressiocnal charter provides for the NCRP to:

o] Cellect, analyze, develop, and disseminate in the
public interest information and recommendations about
radiation protection and radiation guantities, units,
and measurements.

o Develop basic concepts about radiation protection and
radiation quantities, units, and measurements, and the
application of these concepts.

o Provide a means by which organizations concerned with

radiation protection and radiation guantities, units,
and measurements may cooperate Lo use their combined
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resources effectively and to stimulate the work of such
porganizations.

€ Cooperate with the ICRP and other national and
international orgenizations concerned with radiation
protection and radiation guantities, units, and
neasurenents.

Throughout thelr existence, the ICRP and the NCRP have
worked together closely to develop radlation protection
recommendations that reflect the current understanding of the
dangers assoclated with exposure te ionizing radiation. The ICRP
and the NCRP function as non-government advisory bodies., Thelir
recommendations are not binding on any government or user of
radiation or radicactive materials.

The first exposure limits adopted by the ICRP and the NCRP
(ICRP34, TICRP38, and NCRP36) established 0.2 ro@ntgen/day’ as the
ftolerance dmga” for occupational exposure to ¥-rays and damma
radiation from radium. This limit, eguivalent to an absorbed
dose of approximately 25 rads/y as neasured in air, was
established to guard against the known effects of ionizing
radiation on superficial tissuve, changes in the blood, and
"derangement” of internal organs, especially the reproductive
corgans. At the time the recommendations were made, high doses of
radiation were known to cause observable effects, but the
epidemiclogical evidence at the time was inadequate even to imply
the carcinogenic induction effects of moderate or low doses.
Therefore, the aim of radiation protection was to guard against
known effects, and the ¥tolerance dose" limits that were adopted
were believed to represent the level of radiation that a person
in normal health could tolsrate without suffering cbhservable
effects. The concept of a tolerance dose and the recommended
occoupational exposure limit of 0.2 R/day for x and gamma
radiation remained in effect untll the end of the 1%40's. The
recommendations of the ICRP and the NCRP made no mention of
exposure of the general populace.

By the end of World War II, the widespread use of
radicactive materials and scientific evidence of genetic and
somatlic effects alt lower dosges and dose rates guggested that the
radiation protection recommendations of the NCRP and the ICRP
would have Lo be revised downward.

By 1948, the NCRP had formulated its position on appropriate
new limits. These limits were largely accepted by the ICRP in
its recommendationsg of 1950 and formally issued by the NCRP in
19254 {(ICRP5L, NCRP54). Whereas the immediate effect was to lower

' The NCRP's recommendation wag 0.1 roentgen/day measured in
air. This limit is roughly equivalent to the ICRP limit, which was
conventionally measured at the point of exposure and included

backscatter.



the basic whole body occupational dose limit to the eguivalent of
0.3 rad/week (approximately 1% rads/v), the revised
recommendations also enbodied several new and important concepts
in the formulation of radiation protection criteria.

First, the recommendations recognized the difference in the
effects of various types and enevgies of radiation; both ICRP and
NCRP recommendations include discussions of the weighting factors
that should be applied to radiations of differing types and
energies. The NCRP advocated the use of the "rem" to ewpress the
eguivalence in biological effect between radiations of differing
tyvpes and emerqy,z Although the ICEP noted the shift toward the
acceptance of the rem, it continued to express its
recommendations in terms of the rad, with the caveat that the
limit for the absorbed dose due to neutron radiation should be
one-tenth the limit for ¥, gamma, or beta radiation.

Second, the recommendations of both corganizations intyroduced
the concept of critical organs and tissues. This concept was
intended to ensure that no tissue or organ, with the exception of
the skin, would receive a dose in excess of that allowed for the
whole body. At the time, scientific evidence was lacking on
tigssues and organs. Thue, all bloocd-forming organs were
considered critical and were limited to the same exposure as the
whole body.

Third, the NCRP recommendations included the suggestion that
individuals under the age of 18 receive no more than one-tenth
the exposure allowed for adults. The reasconing behind this
particular recommendation 1is interesting, as it reflects clearly
the limited knowledge of the times. The sclentific evidence
indicated a clear relationship between accumulated dose and
genetic effect. However, this evidence was obtained exclusively
from animal studies that had been conducted with doses ranging

2 Daefining the exact relatlionship between exposure, absorbed
doge, and dose equivalent is beyond the scope of this document.
In simple terms, the exposure is a measure of the charge induced
by » and gamma radiation in alr. Absorbed deose is a neasure of
the energy per unit mass imparted to matter by radiation. Dose
eqgquivalent is an indicator of the effect on an organ or tissue by
weighting the absorbed dose with a quality factor, @, dependent
on the radiation type and energy. The cusgtomary units for
exposure, absorbed dose, and dose eguivalent are the roentgen,
rad and rem, respectively. Over the range of energies typically
encountered, the exposure, dose and dose eguivalent from x and
gamma radiation have essentially the same values in these units.
For beta radiation, the absorbed dose and dose eguivalent are
generally egual also. At the time of these recommendations, a
gquality factor of 10 was recommended for alpha rvadiation. Since
1977, a guality factor of 20 has primaryily been used, l.e., for
alpha radiation, the dose eguivalent is 20 times the absorbed
dose.,



from 25 to thousands of rads. There was no evidence from
exposure lessg than 25 rads accunmulated dose, and the
interpretation of the animal data and the imnplications for humans
were unclear and 4id not support a spscific permigsible dose.

The data did suggest that genetic damage was more dependent on
accumulated dose than previously believed, but experience showed
that exposure for prolonged periods to the permissible exposure
limit (1.0 R/week) did not result in any observable genetic
effects. The NCRP decided that it was not necessary to change
the cccupational limit to provide additional protection beyond
that provided by the reduction in the permissible exposure liwmit
of 0.3 R/week. At the zame time, it recommended limiting the
exposure of individuals under the age of 18 to assure that they
dié not accumulate a genetic dose that would later preclude their
employrent as radiation workers. The factor of ten was rather
arbitrary but was believed to be sufficient te protect the future
employability of all individuals (NCRP54}.

Fourth, the concept of a tolerance dose was replaced by the
concept of a maximum permissible dose. The change in terminology
reflected the increasing awareness that any radiation exposure
might involve some risk and that repair mechanisms might be less
effective than previously belileved. Therefore, the concept of a
maximum permissible dose (expressed as dose per unit of time) was
adopted because it better reflected the uncertainty in our
knowledge than did the concept of tolerance dose. The maximum
permissible dose was defined as the level of exposure that
entailed a small risk compared with those pesed by other hazards
in 1ife (ICRP51}.

Finally, in explicit recognition of the inadequacy of our
knowledge regarding the effects of radiation and of the
possibility that any exposure might have some potential for harm,
the recommendations included an admonition that every effort
should be made to reduce exposure to all Xinds of lonizing
radiation to the lowest possible level. This concept, known
originally as ALAP {as low as practicable} and later as ALARA (as
low as reasgonably achievable), would become a cornerstone of
radiation protection philosophy.

During the 1850's, a great deal of scientific evidence on
the effects of radiation became available from studies of radiunm
dial painters, radiologists, and survivors of the atomic bombs
dropped on Japan. This evidence suggested that genetic effects
and long-term somatic effects were more important at low doses
than previcusly considered. Thus, by the late 1950%s, the ILCRP
and NCRP recommendations were again revised (ICRP59, NCRP59}.
These revisions include the following major changes: the maximun
permissible occupational dose for whole body exposure and the
most critical organs (blood forming organs, gonads, and the
larger lens of the eve) was lowered to 5 rems/y, with a guarterly
limit of 3 rems: the limit for exposure of other organs was selb
at 30 rems/v: internal exposures were controlled by a
comprehensive set of maximunm permissible concentrations of
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In applying the dosimetric models in current use, as
discussed in the previocus sections, the primary sources of
uncertainty are attributed to ICR? nodel formulation and
parameter variability praduced by measurement error or natural
variation. The purpose of this =ection is to provide a general
but limited discussion of these sources and to introduce an
uncertainty scheme for classifving radionuclides. The authors
gratefully acknowledge Dr. Reith Eckerman of Oak Ridge Laboratory
for discussions with respect to implementation of ICRP models and
for guidance regarding the magnitude of uncertainties. However,
the conclusions presented here are those of the aAgency.

5.2.1.6.,1 Uncertainties Due to ICRP Model Formularion

Uncertainty in calculations based on ICRP models arises
primarily from five sources: (1} the uncertainty in the Reference
Man data; (2} the uncertainty in the lung and GI-tract model
describing the translocation and absorption of inhaled or
1nge5tad activity into the blood; (3) the uncertainty associated
with the formulation of the ICRP Publication 30 biokinetic models
aescr*blnq the distribution and retention of the activity among
the various organs in the body: (4) the uncertainty in the dose
models to calculate the absorbed dose to organs from that
activity; and {5) the uncertainty in the model parameters.

5.3.1.6.2 EReference Man Concent

To establish a degree of consistency in cccupational
dosimetry calculations, the ICRP developed the concept of
Reference Man {ICRP75}. Reference Man is a conceptual individual
who has the anatomical and physioclogical characteristics of a
healthy 20 to 30 year old male with a total body mass of 70-kg.
The anatomical and physiclogical data of Reference Man have basn
enbedded in many computational models for estimating organ doses
and applied in radiation protection and in some calculations for
maedicine.

Although these data have been extensively applied in
calculating doses, the approach in which Reference Man data is
used to represent average individuals in a specific p&pu¢aﬁ1@n
introduces bias from the outset. The uncertainties in this
approach are primarily due to age~ and sex— specific differences
in the anatomical and physiologic parameters. Biological and
ethnic variability also contribute. In addition, the Reference
Man data do not always represent data for a 70-kg man. Many of
the data found in ICRP Publication 23 were from adults who haﬁ
anatomical or physiological characteristics significantly
different from those of a 70-kg man.

Due to the many parameters involved angd the Quality of the
data available to define the numerical values, it is very
difficult to establish the level of uncertainty in uwinq
Reference Man data to estimate doses to the average individual in
the U.8. population. Furthermore, the Reference Man concept was
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